



























Vt	=	vt	/(r	-	g)	 	 (if	r	>	g)			 	 (7b)		Finally,	in	several	of	our	scenarios,	wetland	loss	is	recurring,	so	new	area	is	lost	each	year.		In	these	cases,	each	square	kilometer	of	loss	generates	a	lost	asset	value	of	Vt	shown	in	equation	7b.	So,	a	wetland	lost	today	gives	a	full	loss	of	V0,	and	wetland	loss	next	year	gives	a	loss	of	V1	discounted	by	one	year	because	it’s	lost	“work”	begins	one	year	in	the	future.	Our	expression	for	the	lost	value	in	this	case	for	one	square	kilometer	lost	annually	is			
SUM-Vt	=	 𝑉*(1 + 𝑟)N*O*JP 	 	 (8a)		where	T	is	the	limit	to	the	contraction	of	wetlands	or	simply	the	number	of	square	kilometers	of	wetlands.	In	scenarios	where	we	gain	wetlands	through	restoration,	we	use	the	area	(km2)	of	wetlands	in	1778	as	the	upper	limit	of	area.	Where	the	actual	rate	of	annual	change	in	wetland	area	is	some	factor	(k)	of	one	square	kilometer,	the	equation	becomes			
SUM-Vt	=	 𝑘𝑉*(1 + 𝑟)N*O/S*JP 	 	 (8b)		
k	is	positive	in	restoration	scenarios	and	negative	in	instances	where	wetland	loss	is	occurring.			2.6 Issues	in	mapping	Tidal	wetland	area	estimates	from	1778	should	be	used	cautiously	when	compared	with	pedigreed	USGS	topographic	maps.	Maps	of	the	area	at	that	time	often	focused	on	hazards	to	navigation,	with	limited	attention	paid	to	landward	features.	The	tidal	wetland	area	estimated	from	the	Faden	map	in	1778	fits	with	the	trend	observed	in	more	recent	and	reliable	data	sources,	however,	and	so	we	include	this	data	point	as	a	window	into	what	revolutionary-era	tidal	wetlands	may	have	looked	like	in	the	Delaware	Estuary.		USGS	topographic	maps	have	improved	over	the	years.	From	1900-1918,	topographical	features	were	mapped	using	field	surveys,	and	it	wasn’t	until	the	1930’s	that	the	USGS	began	to	employ	aerial	photography	in	their	map	production.	Early	maps	potentially	obscured	the	presence	of	small	features	such	as	pools	and	
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3.2 Rates	of	wetland	area	change	Table	2	presents	our	regression	results.		As	noted	above,	these	regressions	give	estimated	loss	rates	from	1778	to	2011	or	1918	to	2011	depending	on	the	case.		First,	consider	the	simple	time-trend	regressions,	comprising	models	1,	2,	3,	and	5	in	Table	2.			The	coefficient	on	yr(t)	for	model	1	(1778-2011)	is	1.03	km2/year,	which	is	consistent	with	the	result	in	model	2,	when	controlling	for	the	influence	of	raster	data,	rd(t).	These	results	agree	with	estimates	of	salt	marsh	losses	locally	in	Delaware,	and	nationwide	(Dahl,	1990;	Tiner	et	al.,	2011).	The	coefficient	on	yr(t)	is	significant	(p	<	0.01)	in	both	model	1	and	model	2,	while	the	coefficient	on	raster	data	is	not	significant	in	all	models,	indicating	that	data	source	does	not	seem	to	bias	results.			The	tidal	wetland	loss	rates	are	similar	for	both	shoreline	and	inland	samples,	shown	by	models	3	and	5.	Combining	simple	time	trend	results	for	inland	and	shoreline	wetlands	from	models	3	and	5,	gives	an	annual	rate	of	wetland	loss	of	1.53km2·yr-1	between	1918	and	2011,	indicating	that	the	rate	of	tidal	wetland	loss	may	be	increasing	compared	to	the	1778-2011	regression.		Sea	level	rise,	sea(t),	has	a	significant	(p	<	0.05),	negative,	and	linear	effect	on	wetland	area.	For	every	1cm	rise	in	sea	level,	wetland	area	declines	by	1.69km2.	We	found	no	statistical	influence	of	dredge	depth,	depth(t),	on	tidal	marsh	area.	The	coefficient	on	population	is	negative,	revealing	a	decline	in	wetland	area	of	0.2km2	for	a	population	increase	of	10,000	people	(p	=	0.014).	3.3 Carbon	sequestration	values	3.3.1 Present	value	of	the	current	stock	and	historic	loss	of	tidal	wetlands	Using	an	SCC	of	$37.15	and	a	3%	discount	rate,	the	annual	carbon	sequestration	value,	vt’,	for	a	square	kilometer	of	tidal	wetlands	is	$42,000,	with	a	mean	asset	value,	Vt’,	of	$5.20	million	(Table	3),	assuming	a	2.2%	annual	increase	in	the	SCC.		For	sensitivity	purposes,	we	provide	results	for	2.5%,	5%	and	3%	upper	95%	confidence	interval	discount	rates;	however,	all	values	referred	to	hereafter	in	the	text	use	our	central	3%	discount	rate.	For	wetlands	converted	to	another	land	cover	type,	the	mean	difference	in	annual	sequestration	value,	vt,	is	$13,000,	which	has	an	asset	value,	Vt,	of	$1.63	million.	Meta-analysis	by	De	Groot	et	al.	(2012)	found	climate	regulation	values	ranging	from	$810	to	$21,300	per	km2.	Our	lower-bound	estimates	overlap	with	this	range,	but	suggest	that	the	value	of	carbon	sequestration	in	coastal	wetlands	may	be	greater	than	previously	thought.	Applying	our	estimate		over	the	present	704km2	of	tidal	wetlands	in	the	estuary,	gives	a	sequestration	value	of	$3.66	billion.		From	1778	to	2011,	tidal	wetland	area	decreased	from	928	km2	to	704.5	km2,	a	decrease	of	223.5	km2.	Since	1918,	tidal	wetland	area	declined	by	148.5	km2,	and	from	2001-2011,	0.43	km2	of	wetlands	were	converted	to	other	land	cover	types.	
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6. Tables	Table	1:	Carbon	sequestration	rates,	broken	down	by	land	cover	type,	used	in	our	analysis	Land	Cover	 Carbon	Sequestration	Rate	(MgC·km-2·yr-1)	 Sources	Open	Water	 8.77	 Herrmann	et	al.	(2014)	Developed	Open		Grassland,	Sedge	Shrub/Scrub	 40.8	 Zhu	and	Reed	(2014)	Forest	(Evergreen,	Deciduous,	Mixed)	 50,	140,	180	 Goulden	et	al.	(1996)	Birdsey	(1992)	Brown	et	al.	(2001)	Nowak	and	Crane	(2002)	Pasture/Hay	Agricultural	Crops	 24,	40,	71	 Lal	et	al.	(1999)	West	and	Post	(2002)	Developed	(Low,	Medium,	High)	Barren	Land	 0	 	Woody	Wetlands	 75,	190,	336	 Euliss	et	al.	(2006)	Weston	et	al.	(2014)	Chmura	et	al.	(2003)	Tidal	Wetlands	 67,	287,	562	 Chmura	et	al.	(2003)	Drake	et	al.	(2015)	Hussein	et	al.	(2004)	Tucker	(2016)	Note:	Carbon	sequestration	rate	was	modeled	using	a	random	triangular	distribution	where	three	rates	are	shown;	otherwise	we	use	a	point	estimate.	1	Mg	=	1000	kg	
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Table	2:	Time-trend	regression	model	results	describing	change	in	tidal	wetland	area.	Standard	errors	are	shown	in	parentheses.		 Whole	Estuarya	 Shoreb	 Inlandb	Variable	 1	 2	 3	 4	 5	 6	Year	
yr(t)	 -1.03**	(0.12)	 -0.95**	(0.15)	 -0.77**	(0.09)	 	 -0.76**	(0.16)	 	Raster	
rd(t)	 	 -16.33	(20.71)	 	 	 	 	Sea	Level	
sea(t)	 	 		 	 -168.91*	(64.28)	 	 	Dredge	Depth	
depth(t)	 	 	 	 -0.79	(1.86)	 	 	Population	
pop(t)	 	 	 	 	 	 -0.20*	(0.06)	Constant	 947.69**	(21.63)	 941.90**	(23.42)	 261.48**	(5.44)	 240.91*	(76.09)	 574.38**	(9.94)	 625.81**	(27.89)	Adjusted	R2	 0.91	 0.90	 0.92	 0.74	 0.76	 0.61	a	Whole	estuary	regression	includes	data	from	1778	to	2011	b	Shore	and	inland	regressions	include	data	from	1918	to	2011	*	Significant	at	p	=	0.05				**	Significant	at	p	=	0.01				 	
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Table	3:	Estimates	for	SCC,	vt’,	vt,	Vt’,	and	Vt.	SCC	is	given	in	2015	dollars.	Values	in	parentheses	show	the	standard	deviation	of	our	distributions,	resulting	from	variation	in	carbon	sequestration	rate.			 	 Discount	Rate	(percent)		 	 5	 3	 2.5	 3	(Upper	Bound)	SCCa	 Social	Cost	of	Carbon	(2015$)	 12.77	 37.15	 59.21	 104.48	
vt’	 Annual	sequestration	value	per	sq.	km.		(thousand	2015$)	 14	(5)	 42	(14)	 66	(22)	 117	(39)	
vt	 Annual	net	sequestration	value	per	sq.	km.	(thousand	2015	$)	 5	(5)	 13	(16)	 21	(25)	 38	(44)	
Vt’	 Perpetual	sequestration	value	per	sq.	km.		(million	2015$)	 0.51	(0.169)	 5.20	(1.721)	 22.10	(7.313)	 14.63	(4.84)	
Vt	 Perpetual	net	sequestration	value	per	sq.	km.	(million	2015$)	 0.16	(0.194)	 1.63	(-	2.21	-	5.53)	 7.12	(8.401)	 4.71	(5.56)	a	SCC	values	are	given	as	the	starting	values	in	2015,	anticipated	to	grow	at	rate	g	=	0.022			 	
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Table	4:	Mean	value	of	lost	wetland	area	over	a	range	of	discount	rates	in	millions	of	2015	USD.	Values	in	parentheses	show	standard	deviations		 Discount	Rate	(percent)		 5	 3	 2.5	 3	(Upper	Bound)	Present	Value	of	Historic	Wetland	Changes	
Since	1778	 37	(43)	 374	(442)	 1,591	(1,878)	 1,053	(1,242)	Since	1918	 24	(29)	 249	(294)	 1,057	(1,247)	 700	(825)	Last	Decade:			 0.071	(0.083)	 0.72	(0.85)	 3.06	(3.61)	 2.03	(2.39)	Present	Value	of	Future	Wetland	Changes	Current	rate	of	loss:		1.03	km2.yr-1	 6.3	(0.9)	 220.6	(16.4)	 2,162.2	(112.2)	 620.3	(46)	SLR	Scenario	#1:		2.94	mm.yr-1	 3.1	(0.4)	 106.9	(7.9)	 1,187.3	(54.6)	 300.8	(22.2)	SLR	Scenario	IPCC	AR5	Lower	Bound:	2.0	mm.yr-1	 2.1	(0.3)	 72.7	(5.4)	 818.5	(37.2)	 204.6	(15.1)	SLR	Scenario	IPCC	AR5	Upper	Bound:	15.7	mm.yr-1	 16.3	(2.2)	 498.0	(41.8)	 3,473.7	(258.7)	 1,400.6	(117.5)	Restore	to	Revolutionary	Levels:	0.25	km2.yr-1		 1.5	(0.2)	 53.7	(4.0)	 562.6	(27.4)	 151.2	(11.2)	Restore	to	1975	levels:		0.25	km2.yr-1	 1.5	(0.2)	 45.8	(3.9)	 310.0	(24.0)	 128.7	(11.1)		 	
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